T h e p a p e r d e s crib e s th e S w ed ish la n g u a g e c o m p o n e n t s u sed in th e S p o ken L a n g u a g e T r a n s la to r (S L T ) s y s te m . S L T is a m u lt i-c o m p o n e n t sy s te m fo r tr a n s la tio n o f s p o k e n E n g lish in t o s p o k e n S w ed ish . T h e la n g u a g e p ro ce s s in g p a rts o f th e s y s te m are th e E n g lish C o r e L a n g u a g e E n g in e (C L E ) a n d its S w ed ish c o u n te r p a r t, th e S -C L E . T h e S -C L E is a g en era l p u rp o s e n a tu ra l la n g u a g e p r o ce s s in g s y s te m s fo r S w ed ish w h ich in th e S L T p r o je c t w as tu n ed to w a rd s th e register o f th e air tra v el in fo r m a tio n (A T I S ) d o m a in . T h e p e c u lia r itie s a n d th e co v e r a g e o f th e re su ltin g S w ed ish g ra m m a r are th e m a in to p ic s o f th e p a p e r, ev e n t h o u g h th e ov e ra ll S L T s y s te m a lso is b rie fly d e s crib e d .
Introduction
T h e S w edish C o r e L a n g u a g e E n g in e (o r S -C L E fo r s h o r t) ( G a m b a c k a n d R a y n e r , 19 92) is a gen eral p u rp o s e n a tu ra l la n g u a g e p r o ce s s in g s y s te m fo r S w e d ish d e v e lo p e d b y th e S w ed ish In s titu te o f C o m p u t e r S cie n ce fr o m its E n g lish c o u n te r p a r t, th e S R I C o r e L a n g u a g e E n g in e (C L E ) (A ls h a w i, 1 9 9 2 ). T h e key id e a b e h in d th e s y s t e m is in d ic a te d b y th e w o rd " c o r e " : th e S -C L E w as in te n d e d t o b e u sed as a b u ild in g b lo ck in a b r o a d ra n ge o f a p p lic a t io n s a n d has a lre a d y b e e n te s te d as p a rt o f a d a ta b a s e qu ery s y s te m (G a m b a c k a n d L ju n g , 1 9 9 3 ) a n d as a t e x t -t o -s p e e c h fr o n te n d (G a m b a c k a n d E in e b o rg , 1 9 9 5 ). T h e tw o co p ie s o f th e C L E h a ve a lso b e en used to g e th e r to fo r m a m a ch in e tra n sla tio n s y s te m fo r a ca r-h ire d o m a in (A ls h a w i e t a l., 19 91 ).
In th e S p o k en L a n g u a g e T r a n s la to r , d e s cr ib e d in th e n e x t s e c tio n , th e E n g lish C L E p e r fo rm e d as a b a ck -e n d t o a sp e e ch r e c o g n itio n s y s te m , th e S -C L E as a fr o n ten d t o a sp e e ch sy n th e sis s y s te m , a n d th e tw o C L E s to g e th e r fo r m e d a ( t e x t ) tra n s la tio n s y ste m in th e air tra v el in fo r m a t io n d o m a in . In th e c o u rse o f th e p r o je c t , th e p r e v io u s S w ed ish s y s te m w as c o m p le t e ly re d esig n ed a n d th e g e n e r a l-p u r p o s e g r a m m a r e x p a n d e d , b u t a lso tu n e d t o co v e r th e p e c u lia r itie s o f th e register (s u b la n g u a g e ) o f a p a rticu la r d o m a in .
Proceedings of NODALIDA 1995, pages 37-49
T h e presen t p a p e r s ta rts o u t b y d e s cr ib in g th e o v e ra ll S L T s y s te m a rch ite ctu re in S e c tio n 2 a n d b riefly in tr o d u c e s th e d iffere n t c o m p o n e n t s o f th e s y s te m . S e ctio n 3 is th e m a in fo c u s o f th e p a p e r , d e s cr ib in g th e d iffe ren t m o d u le s o f th e presen t S w edish la n g u a g e p r o ce s s in g c o m p o n e n t in d e ta il b y g iv in g e x a m p le s o f th e rules u sed fo r th e tr e a tm e n t o f s o m e s p e cific p h e n o m e n a . S e c tio n 4 d e ta ils th e c o v e r a g e issues a n d h o w th e S w e d ish c o v e ra g e w as im p ro v e d d u rin g th e first y ea r o f th e p r o je c t . T h e fin a l s e c tio n o f th e p a p e r lo o k s in to th e fu tu re , d e s cr ib e s th e o n g o in g w ork o n m a k in g th e s y s te m c o m p le t e ly b id ir e c t io n a l, a n d s u m s u p th e p r e v io u s d is cu ss ion .
The SLT system
T h e S p o k e n L a n g u a g e T r a n s la to r (S L T ) is a s y s te m p r o t o t y p e w h ich ca n tra n sla te qu eries fr o m s p o k e n E n g lish t o s p o k e n S w e d ish in th e d o m a in o f air tra v el p la n n in g ( A T I S ) . T h e s y s te m w as d e v e lo p e d as a jo i n t effo rt b y th e S w ed ish In stitu te o f C o m p u t e r S cie n ce , S R I In te rn a tio n a l (M e n lo P a rk , U S an d C a m b r id g e , U K ), a n d T e lia R e s ea rch A B (H a n in g e , S w e d e n ). M o s t o f th e first-y ea r p r o t o t y p e w as c o n s tr u c te d fr o m p r e v io u s ly e x is tin g p ieces o f so ftw a re , w h ich w ere a d a p te d fo r use in th e sp e e ch tr a n s la tio n task w ith as few ch a n g es as p o s s ib le . T h e ov era ll arch i te ctu re o f th e cu rre n t v ersion o f S L T s y s te m is d e s cr ib e d s h o rtly in th is se c tio n , for a c o m p le t e d e s cr ip tio n see (R a y n e r e t a l., 19 93 ) o r (A g n iis e t a t., 19 9 4 ). F ig u re 1: T o p -le v e l a rc h ite ctu r e o f th e S p o k e n L a n g u a g e T r a n s la to r T h e m a in c o m p o n e n t s o f th e S L T s y s te m are c o n n e c te d to g e th e r in a p ip e lin e d se q u e n ce as s h o w n in F ig u re 1. T h e in p u t sig n a l is p r o ce s s e d b y S R I M e n lo P a r k 's D E C I P H E R ( T M ) (M u r v e it e t a t., 1 9 9 1 ), a sp e a k e r-in d e p e n d e n t c o n tin u o u s sp e e ch r e c o g n it io n s y s te m b a se d o n H id d e n M a r k o v M o d e l te c h n o lo g y . It p r o d u c e s a set o f s p e e ch h y p o th e s e s w h ich is p a ssed t o th e E n g lis h -la n g u a g e p r o ce s s o r , th e S R I C a m b r id g e C o r e L a n g u a g e E n g in e (A ls h a w i, 1 9 9 2 ).
T h e C L E g r a m m a r a s so cia te s ea ch sp e e ch h y p o th e s is w ith a se t o f p o s s ib le q u a s i-lo g ic a l fo r m s , Q L F s (A ls h a w i a n d van E ijc k , 1 9 8 9 ), ty p ic a lly p r o d u c in g 5 to 50 Q L F s p er h y p o th e s is . In o rd e r t o a llo w fa s t p r o ce s s in g o f a la rg e n u m b e r o f h y p o th e s e s, a s c a le d -d o w n v ersion o f th e g r a m m a r in d u c e d w ith th e m a c h in e lea rn in g te ch n iq u e " E x p la n a tio n -B a s e d L e a rn in g " (S a m u e ls s o n a n d R a y n e r , 1 9 9 1 ) is first in v o k e d a n d p a rsed w ith an L R -p a rs e r (S a m u e ls s o n , 1 9 9 4 ). O n ly i f th is re s tr ic te d -c o v e r a g e g ra m m a r fa ils is th e g e n e r a l-p u r p o s e g r a m m a r tried o n th e (b y th e sp e ech re co g n iz e r) m o s t p re ferre d h y p o th e s is .
A p refe re n ce c o m p o n e n t is th e n u sed t o g iv e ea ch Q L F a n u m e ric a l s c o r e re fle c tin g its lin g u is tic p la u s ib ility (A ls h a w i a n d C a rte r, 1 9 9 4 ). W h e n th e p re fe re n ce c o m p o n e n t h as m a d e its c h o ice , th e h ig h e s t-s c o rin g lo g ic a l fo r m is p a sse d t o th e tran sfer c o m p o n e n t , w h ich u ses a se t o f s im p le n o n -d e t e r m in is t ic re cu rs iv e p a tte r n m a tc h in g rules t o rew rite it in to a set o f p o s s ib le c o r r e s p o n d in g S w e d ish rep re sen ta tio n s (A ls h a w i e t a l., 1991; G a m b ä c k a n d B r e ta n , 1 9 9 4 ).
T h e p re fe ren ce c o m p o n e n t is n o w in v o k e d a g a in , t o se le ct th e m o s t p la u s ib le tran sferred lo g ic a l fo r m . T h e resu lt is fe d t o a s e c o n d c o p y o f th e C L E , w h ich uses a S w e d ish -la n g u a g e g ra m m a r a n d le x ic o n d e v e lo p e d a t S IC S (G a m b ä c k a n d R a y n e r , 1 9 92 ) to co n v e rt th e fo r m in to a S w ed ish s trin g a n d an a s s o c ia te d s y n ta x tree. F i n ally, th e s trin g a n d tree are p a sse d to th e T e lia P r o p h o n sp e e ch sy n th e siz e r, w h ich u tilize s p o ly p h o n e sy n th esis t o p r o d u c e th e s p o k e n S w e d ish u tte r a n c e (B ä c k s t r ö m e i al., 1 9 8 9 ).
T h e S L T s y s t e m 's cu rren t p e r fo r m a n c e figu res m e a su re d o n p r e v io u s ly u n seen d a ta (th e 1 0 0 1 -u tte ra n ce D e c e m b e r 1993 A T IS c o r p u s ) are: 7 8 .8 % o f a ll u tte ra n ce s are su ch th a t th e to p -s c o r in g sp e e ch h y p o t h e s is is an a c c e p ta b le o n e . I f th e sp e e ch h y p o th e s is is c o rr e ct, th en an a c c e p ta b le tr a n s la tio n is p r o d u c e d in 6 8 .3 % o f th e cases an d th e o v e ra ll p e r fo r m a n c e o f th e s y s te m is 5 3 .8 % . L im itin g th e te s t c o rp u s to sen ten ces o f 10 w o rd s o r less (688 u tte r a n c e s ), th ese fig u res m o v e u p t o 8 3 .9 % fo r sp e ech r e co g n itio n a n d 7 4 .2 % fo r la n g u a g e p r o ce s s in g , w ith a 6 2 .2 % o v e ra ll p e r fo rm a n ce .
F or a b o u t 10 % o f th e c o rr e ctly r e co g n iz e d u tte ra n ce s, an u n a c c e p ta b le tra n sla tio n is p r o d u c e d . N ea rly a ll o f th ese are in co r r e ct d u e t o th eir c o n t a in in g e rrors in g ra m m a r o r n a tu ra ln ess o f e x p re s s io n , w ith e rrors d u e t o d iv e rg e n ce in m e a n in g b e tw een th e s o u rce a n d ta rg e t sen ten ces a c c o u n tin g fo r less th a n 1% o f all tr a n s la tio n s . S L T p e r fo r m a n c e is d iscu ssed a t le n g th in (R a y n e r e t a l , 1 9 9 4 ).
Swedish Language Processing
A s n o te d a b o v e , th e S -C L E is a g en e ra l p u rp o s e n a tu ra l la n g u a g e p r o ce s s in g s y s te m fo r S w ed ish . T h e m a in o b j e c t o f th e s y s te m is t o m a p ce rta in n a tu r a l la n g u a g e e x p re s sio n s in to a p p r o p r ia te p r e d ic a te s in q u a s i-lo g ic a l fo r m . T h e s y s te m is b a se d c o m p le t e ly o n u n ifica tio n a n d h a s a fa irly la rg e b id ir e c t io n a l p h ra s e -s tr u c tu re ty p e g ra m m a r (i.e ., th e g ra m m a r ca n b e u sed b o t h fo r a n a ly s is a n d g e n e r a t io n ) co v e r in g m o s t o f th e c o m m o n S w ed ish c o n s tr u c tio n s . T h e r e is a g o o d tr e a tm e n t o f in fle c tio n a l m o r p h o lo g y , co v e rin g all m a in in fle c tio n a l classes o f n o u n s, v e rb s a n d a d je c tiv e s .
T h e S -C L E has b een d e v e lo p e d fr o m th e o r ig in a l E n g lish C L E b y re p la c in g E n g lish -sp e cific m o d u le s (g r a m m a r , m o r p h o lo g y , le x ic o n a n d le x ic o n a c q u is itio n ) w ith c o rr e s p o n d in g S w e d is h -la n g u a g e v ersion s, e x p lo it in g th e la rg e o v e rla p b e tw e e n th e s tru ctu re s o f th e tw o la n g u a g e s . M o s t o f th e S w ed ish g r a m m a r is th u s c o m p le t e ly e q u iv a le n t to th e E n g lish o n e ; th is s e c tio n w ill c o n c e n tra te o n th e p a rts th a t differ fo r in te r e s tin g rea son s. (S o , even th o u g h th e g ra m m a rs in d e e d d iffe r in several w ays n o t d e s cr ib e d h ere, m o s t o f th e d ifferen ce s are fo r ra th e r u n in te re s tin g rea son s m o re re fle ctin g d iffe ren t ta stes o n th e sid e o f th e g ra m m a ria n s th a n real g ra m m a tic a l d iffe re n ce s a n d w ill th u s b e left o u t fr o m th e d is cu ss io n h ere .) A p r e v io u s v e rs io n o f th e S w ed ish g r a m m a r a n d h o w it w as d e v e lo p e d w as de s c r ib e d in (G a m b a c k a n d R a y n e r , 1 9 9 2 ). T h e r e w e a lso w en t in to s o m e d e ta il o n th e (a t le a st fo r a tr a n s la tio n ta s k ) m o s t v ita l d iffe ren ce s b e tw e e n E n g lish a n d S w ed ish , b o t h a t th e m o r p h o lo g y a n d s y n ta x levels. T h e p resen t p a p e r w ill th u s refra in fr o m r e c a p itu la tin g th a t d is cu ss io n a n d o n ly g iv e an o v e rv ie w o f th e m o s t im p o r t a n t p h e n o m e n a a n d th eir p resen t tr e a tm e n t in th e s y ste m .
F irst, h o w e v e r, w e s h o u ld n o te th a t th e s im p le m e t h o d o lo g y o u tlin e d fo r d ev e l o p in g a s y s te m fo r a n ew la n g u a g e h a s a lso b e e n sh o w n t o b e su cce ssfu l fo r o th e r la n g u a g e s . A fu ll-s c a le v ersion o f th e C L E fo r F ren ch h a s rece n tly b ee n d e v e lo p e d b y I S S C O , G e n e v a . It h as a c o v e ra g e at r o u g h ly th e sa m e lev el as th e S w edish o n e (R a y n e r a n d B o u illo n , 1 9 9 5 ) an d is a lso u sed as a p a rt o f a s p o k e n la n g u a g e tr a n s la tio n s y s te m (E n g lis h -to -F r e n c h ), w h ich w a s d e m o n s tr a te d a t th e C e B I T fair in H a n n o v e r, M a rch 1995.
S m a ll-s c a le v ersion s o f th e C L E are a lso u n d er d e v e lo p m e n t b y th e U n iversity o f C a m b r id g e : fo r G e rm a n (P a r k in s o n , 1 9 9 2 ), m a in ly fo r te s tin g th e g ra m m a r fo r m a lis m o n a la n g u a g e w ith a d iffere n t w o rd o r d e r; fo r P o lish (S ty s , 1 9 9 5 ), testin g in g a n d s e m a n tic a n a ly s is. T h e rules o f th e g r a m m a r p r o p e r are th u s d iv id e d in to tw o d iffe re n t ru le sets, o n e w ith th e s y n ta x a n d a n o th e r w ith th e (c o m p o s it io n a l) s e m a n tic s . T h e m a in p r o ce s s in g ch a in is eis sh o w n in F ig u re 2. N L sen ten ce
• C sp e llin g rules ) m o r p h o lo g ic a l a n a ly s is ( p r o d u c t io n ru les ) s y n ta c tic p a rsin g I s e m a n tic a n a ly s is s y n ta x rules ) s e m a n tic ru les ) r Q L F F ig u re 2: T h e a n a ly s is ste p s o f th e S -C L E 40 Proceedings of NODALIDA 1995
Morphology
G iv e n th a t S w ed ish is an in fle c tio n a l la n g u a g e , th e tr e a tm e n t o f th e in fle c tio n a l m o r p h o lo g y b y s im p le a fB x -s tr ip p in g u sed in th e o r ig in a l E n g lish C L E w as fa r fr o m su fficie n t. A " la z y " v ersion o f th e tw o -le v e l m o r p h o lo g y (K o s k e n n ie m i, 1 9 8 3 ) w as thus im p le m e n te d (C a r te r , 1 9 9 5 ). T h is v ersion is " la z y " in th a t it d o e s n o t a c c o u n t fo r g en era l ch a n g es o f th e s te m s o f w ord s .
A ty p ic a l sp e llin g ru le is th e fo llo w in g w h ich sh o w s th a t w h e n th e a ffix e r is In all th e ru le fo r m a lis m s o f th e C L E , th e first a r g u m e n t (h e re , p lu r _ L R e r _ e L R ) is s im p ly a ru le n a m e m a in ly u sed fo r d e b u g g in g . T h e m a in p a rts o f th e ru le a p p e a r o n th e d ifferen t sid es o f th e a rro w (= > ): th ese are th e s u r fa c e a n d le x ic a l fo r m s , re sp e ctiv e ly . T h e v e rtica l b a rs ( I ) in d ic a t e w h ich le tte rs m a y b e c h a n g e d in th e rule. I f th e a rrow is b id ir e c t io n a l (< = > ), th e ru le m u s t a p p ly ; h e re it m a y o p t io n a lly a p p ly . T h e fin al tw o lists p u t r e s tr ic tio n s o n th e " v a ria b le s " 1 a n d 2 in th e rule, an d o n p o s s ib le fe a tu re s e ttin g s o n th e s te m .
In th e cu rren t version o f th e S w ed ish m o r p h o lo g y (w h ic h is still u n d e r d e v e l o p m e n t ), 58 su ch sp e llin g rules a p p e a r a n d are c o m p le m e n t e d b y a n o th e r set o f 4 in te rw o rd rules u sed in th e d e r iv a tio n a l m o r p h o lo g y , w h ich in S w e d ish is a ls o q u ite c o m p le x ; h ow ev er, sin ce th e cu rren t v e rsio n o f th e s y s te m c a n n o t h a n d le d e r iv a tio n a l m o r p h o lo g y in g e n era l, w e w ill n o t g o in to t o o m u ch d e ta il h ere, b u t c o n c e n t r a te o n th e -fo r th e task a t h a n d -m o s t im p o r t a n t p a rt o f it, n a m e ly th e p w o u ld g iv e th e w ord s fo r " fa th e r " , " g r a n d -fa th e r " (fa t h e r 's fa t h e r ), " g re a t g r a n d fa th e r" , e tc.: , f a r f a r , f a r f a r s f a r , f a r f a r s f a r f a r , . . . 
SyntcLX
O n th e s y n ta c tic sid e , th e E n g lish a n d S w ed ish g ra m m a rs d iffe r o n m a n y a cco u n ts .
F irstly , several e x tr a rules a p p e a r in th e S w ed ish s y s te m , m a in ly t o c a p tu r e d ifferen t k in d s o f m o v e m e n ts , in p a r ticu la r th e fa c t th a t S w e d ish a llo w s fo r t o p ic a liz a tio n o f ju s t a b o u t an y ty p e o f c o n s titu e n t. S p a ce co n s id e r a tio n s p re v e n t a fu ll a c c o u n t o f th ese ru les fr o m b e in g in clu d e d in th is p a p e r ; th e y w ill b e r e p o r t e d o n elsew h ere
(G a m b a c k , 1 9 9 5 ). H ere, w e w ill th u s o n ly c o n c e n tra te o n s o m e p r o t o t y p ic a l cases. S e c o n d ly , a n u m b e r o f n ew fe a tu re s h a d t o b e a d d e d o r th e va lu e ran ges o r rele v a n t rules fo r o ld fea tu re s h a d t o b e e x te n d e d . M o s t n o t a b ly s in ce th e m o r e c o m p le x a g re e m e n t stru c tu re o f S w e d ish m e a n s th a t th e fea tu res in d ic a tin g a g re e m e n t an d d e fin ite n e ss m u s t b e p r o p a g a t e d t o m a n y m o r e co n s titu e n ts .
A n e x a m p le is th e th re e -v a lu e d d e fin iten e ss fe a tu r e , w h ich ra n ges o v e r valu es fo r " in d e fin ite " , " d e fin ite " a n d " p os se ss iv e " , th e la st o n e b e in g u sed o n g e n itiv e N P s . T h e s e are tre a te d as fo r m in g c o m p le x d e te rm in e rs, s o th a t ' en m a n s f r u ' ( a m a n 's w ife ), ' m a n n e n s f r u ' (th e m a n 's w ife ), a n d F ig u re 3: T h e tree s tru ctu re fo r th e n o u n p h ra se ' en m a n s f r u '
T h is is o b t a in e d b y u sin g th e fo llo w in g tw o ru les (h e re q u ite s im p lifie d w ith m o s t fea tu res r e m o v e d ):
s y n ( d e t _ n p _ G e n i t i v e , 
T h e first ru le sp e cifica lly fo r m s d e te rm in e rs fr o m g e n itiv e N P s (w it h th e fe a tu r e se ttin g g e n = y ) re ga rd less o f th e N P 's d efin iten ess ( d e l = _ ) , g iv in g th e n e w ly fo r m e d
d e te rm in e r a p o s se ss iv e d efin iten ess. T h e s e c o n d ru le fo r m s N P s fr o m d e te rm in e r s an d n o u n s as lo n g as th e d efin iten ess valu es on th e d a u g h te rs u n ify . T h is ru le m a y
b e u sed on a w id e ra n g e o f d e te rm in e r a n d n o u n ty p e s , in c lu d in g g e n itiv e s.
Semantics

M o s t o f th e d ifferen ces b etw e en E n g lish a n d S w ed ish s y n ta x is o n ly m ir r o r e d at th e (Q L F , i.e ., c o m p o s it io n a l) s e m a n tic lev el w ith o u t an y in te re stin g a d d itio n s . T h e m o s t n o ta b le e x c e p t io n is th e v e rb -p h ra s es. A lr e a d y a t th e s y n ta x -le v e l, m o s t w o rdo r d e r d ifferen ces s te m fr o m th e s t r o n g ly v e r b -s e c o n d n a tu re o f S w ed ish : fo r m a t io n o f b o t h Y N -a n d W H -q u e s tio n s is b y s im p le in v ersion o f th e s u b je c t a n d v e rb , w ith o u t th e in t r o d u c t io n o f an a u x ilia ry . T h is is illu s tr a te d in th e fo llo w in g e x a m p le s : Proceedings of NODALIDA 1995
H a n s a g M a r ia .
S a g h a n M a r i a ? V em s d g h a n ? H e s a w M a r y . D i d h e s e e M a r y ? W h o d id h e s e e ?
T h is d iffe ren ce o f v e rb s y n ta x ca n a c tu a lly b e fa c to r e d aw ay. H ow ever, w e w ill n o t d w e ll in t o o m u ch d e ta il o n th e ra th e r sp e cia l u n ific a tio n -b a s e d tr e a tm e n t o f v e rb -p h r a s e s u sed in th e s y s te m -fo r th a t, th e rea d er is referred t o (G a m b a c k , 1 9 9 3 a ; G a m b a c k , 1 9 9 3 b ) -b u t w ill n o te th a t th e m a in trick u sed is t e x i c a li z a i io n :
in fo r m a t io n re g a rd in g fo r e x a m p le v erb s u b c a t e g o r iz a tio n sch e m e s (i.e ., th e n u m b e r a n d ty p e o f v e rb a l c o m p le m e n t s , su ch as o b je c t s , p a rticle s , e t c .) is r e m o v e d fr o m th e g r a m m a r a n d p u t in th e le x ic o n in ste a d . S y n ta c tica lly , th is e n a b le s us t o tre a t b o t h E n g lish a n d S w ed ish v e rb -p h ra s e s o f d iffe ren t k in d s w ith a ru le lik e th e fo llo w in g :
w h e re th e v a lu e o f th e subcat fe a tu r e o f th e ve rb h a s t o u n ify w ith th e rest o f th e v e rb -p h r a s e . T h e v a lu e o f subcat is sp e cifie d fo r a p a r ticu la r ve rb in its le x ic a l en try a n d c a n o f c o u r s e b e e m p t y (fo r in tra n sitiv e s, e t c .). O u r cu rre n t S w e d ish g ra m m a r tre a ts 48 d iffe ren t m a in verb c o m p le m e n t p a tte r n s p lu s c o p u la s a n d a u x ilia ries.
W it h o u t c la im in g th is to b e th e a b s o lu te n u m b e r o f S w ed ish verb ty p e s in an y sense, it is ea s ily u n d e r s ta n d a b le th a t w ith o u t th e stra te g y o u tlin e d a b o v e , w e w o u ld h ave
b e e n fo r c e d t o s ta te s p e cific in sta n ce s o f th e v e rb -p h r a s e fo r m a t io n ru le fo r a vast n u m b e r o f cases.
In th e C L E , ea ch s y n ta c tic ru le is p a ra lle le d b y (a t le a s t) o n e s e m a n tic rule.
F or all E n g lish v erb s a n d fo r S w e d ish m a in v e rb s, th e v e rb -p h ra s e ru le a b o v e has a s im p le c o u n te r p a r t, b u t ev en fo r S w ed ish a u x ilia rie s th e tr e a tm e n t cau ses n o p r o b le m s , even th o u g h an e x tr a ca se o f th e s e m a n tic ru le h a d t o b e a d d e d in o rd e r t o p a ss ten se a n d a s p e c t in fo r m a t io n p r o p e rly , g iv e n th a t fo r m a in ve rb s, th e tense in fo r m a t io n o f th e v e rb -p h ra s e is th e sa m e as th e o n e o f th e d a u g h te r v erb an d is s im p ly u n ified u p to g e th e r w ith th e o th e r s e m a n tic in fo r m a t io n , w h ile in th e a u x ilia ry ca se, th e s e m a n tic in te r p r e ta tio n o f th e m o t h e r v e rb -p h ra s e still is th e on e o f th e d a u g h te r v e rb -p h ra s e , b u t th e ten se is t o b e ta k en fr o m th e a u x ilia ry . T h u s w e g e t th e fo llo w in g tw o (in d e e d v ery s im p lifie d !) s e m a n tic rules:
sem (vp_v_coinp_Honnal, mainv, [(V, vp; [ten3e_eaid_aspect=TA] , (V,v:[aux=n, tense_aspect=TA, subcat=Compleinents] 
sem (vp_v_comp_Normal, aux, [(V,vp:[tense_and_aspect=TA] , (Aux,v:[aux=y, tense_aspect=TA, subcat=(V,vp:[] 
)]), (V,vp:[])
N o te th a t ea ch c o n s titu e n t in th e s e m a n tic ru les is a p a ir w ith th e first p a rt h o ld in g th e s e m a n tic lo g ic a l-fo r m fr a g m e n t a n d th e s e c o n d p a rt h o ld in g th e (b a s ic a lly ) s y n ta c tic in fo r m a t io n .
Negation
A s p e cific case w h ere th e E n g lish a n d S w ed ish g r a m m a r d iffers s ig n ific a n tly is in th e tr e a tm e n t o f n e g a tio n . N e g a tio n in S w ed ish is ex p re s sed w ith th e p a r t ic le ' i n i e ' ( n o t ) , w h ich is p la ce d a fter th e m a in v erb in a m a in cla u se , b u t b e fo r e it in a s u b o r d in a t e cla u se, thus: H a n s n a r k a d e in te .
. . .a tt h a n i n t e s n a r k a d e .
H e d id n o t s n o r e . . . .th a t h e d id n o t s n o r e .
S im ila r c o n s id e r a tio n s a lso a p p ly t o a n u o t h fo r E n g lish -S w e d ish tra n sfer a n d fo r th e Q L F -fo r m a lis m as su ch . T h e d esig n c h o ic e in th e E n g lish C L E w a s t o tre a t n e g a tio n s e m a n tic a lly as an o p e r a t o r o n th e se n te n ce stru c tu re w h ich a t th e s y n ta c tic lev el p r e -m o d ifie s a v e rb -p h ra s e fo r m in g a n ew v e rb -p h r a s e , th e ru le th u s b e in g s c h e m a tic a lly : VP -> n o t VP In S w ed ish su ch a tr e a tm e n t d o e s n o t su ffice; n e g a tio n is still v ie w e d as an o p e r a t o r at th e s e m a n tic lev el, b u t in ste a d o f m o d ify in g v e rb -p h ra s e s, it is ta k en as m o d ify in g th e v erb it s e lf in th e s y n ta x . S in ce w h e th e r th e m o d ific a t io n is p re-or p o s t-d e p e n d s o n th e ty p e o f cla u se , th is h a s b ee n tr e a te d b y a d d in g a s u b o r d i n a t e fe a tu re t o S, V P a n d V .
T h re e rules fo r v erb s are n e e d e d , th e first tr e a tin g m a in cla u se n e g a tio n , th e s e co n d tre a tin g s u b o r d in a t e cla u se n e g a tio n a n d th e th ird tr e a tin g a s p e cia l ca se o f m a in cla u se n e g a tio n w ith a p r o n o u n as o b je c t : T h e a b o v e tr e a tm e n t g o e s a b it a lo n g th e w ay o f th e s e c o n d a lte rn a tiv e .
m a n n e n [g illa d e t n t e ] M a r ia / m i g th e m a n d id n o t lik e M a r y
a tt m a n n e n [ i n t e g i ll a d e ] M a r ia / m i g th a t th e m a n d id n o t lik e M a r y
m a n n e n [ g il l a d e m ig i n t e ] th e m a n d id n o t lik e m
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Swedish grammar coverage F ig u r e 4: T ra n sfe r a n d g e n e r a tio n c o v e ra g e in cre 2ise o f th e tran sfer a n N o te th a t th e fig u res in th e g ra p h refer t o se n te n ces th a t o b t a in e d a tr a n s la tio n , a n y tra n s la tio n . F or a d is cu ss io n o f th e tr a n s la tio n q u a lity , see (A g n a s e i a i , 1 9 9 4 ).
Future Work and Conclusions
In th e p a p e r, th e S w ed ish la n g u a g e p r o ce s s in g c o m p o n e n t o f th e S L T E n g lis h -to -S w edish s p o k e n la n g u a g e tr a n s la tio n s y s te m h a c o m p o n e n t s w ill b e e x te n d e d q u ite a lo t a t th e s a m e tim e . P a r tly b e c a u s e th e S w ed ish p a rt o f th e s y s te m h a s n o t b e e n e x te n s iv e ly trie d fo r la n g u a g e p r o c e s s in g as o p p o s e d t o ju s t g e n e r a tio n fo r a w h ile , p a r t ly b e ca u s e th e n ew v e rs io n o f S L T a lso w ill in clu d e e x te n d e d p r o ce s s in g in a n ew sp o k e n la n g u a g e d a ta b a s e q u ery teisk, as w ell as a llo w in g fo r s o m e tra n s la tio n s in a c o m p u t e r m e d ia t e d p e r s o n -to -p e r s o n d ia lo g u e se tu p .
In p a ra lle l, w ork w ill b e u n d e rta k en o n s y s t e m a tic a lly te s tin g h o w th e g ra m m a r co v e ra g e o f th e S w ed ish s y s te m ca n b e tu n ed to w a rd s a n ew d o m a in (B e r g lu n d an d G a m b a c k , 19 95 ) a n d w h eth er th e s y s te m is r o b u s t e n o u g h t o b e u sed as th e ba sis fo r b u ild in g a tre e -b a n k o f S w ed ish a n a lyses (S a n t a m a r ta e i a i , 1 9 9 5 ). B o t h th ese tests w ill use th e re p res en ta tiv e S w ed ish " S t o c k h o lm -U m e a c o r p u s " (S U C ) (E je rh e d et a i , 1 9 9 2 ).
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